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Problem number (1) 


(18 Marks) 


a) Heat is uniformly generated inside a hollow circular cylinder by the rate of qv (W/m 3 ). The 
cylinder has an inner radius Rl, outer radius R2, thermal conductivity k and enough long length 
such that all of the generated heat is considered to diffuse in the radial direction. The outer 
surface of the cylinder is perfectly insulated while the inner surface is always under a uniform 
temperature Twl due to presence of fluid flow inside the cylinder. Starting from the general 
equation of heat conduction in cylindrical coordinates: 

a 2 T iaT a^T _ j_aT 

ar 2 r ar r 2 ao 2 az 2 k a dx 

Deduce an expression for the temperature distribution inside the wall of the cylinder and show that 
the maximum temperature inside the wall is expressed as the following: 
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b) The suction line of a refrigerator carries a refrigerant at -20 °C and surrounded by air at 20 °C, the 
pipe line is made of a steel tube of 50 mm inner diameter, 5 mm wall thickness and thermal 
conductivity of 58 W/m.K. If the inside and outside convective heat transfer coefficient is 2300 
and 6 W/nr.k respectively and kins = 0.042 W/m.K, calculate: 

a) The thickness of insulation which prevent water vapor to be condensed at the outer side, 
considering that the dew point of air is 1 5 °C. 

b) The rate of heat transfer from air to the pipe per unit length. (9 Marks) 
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Problem number (2) 


(14 Marks) 


a) What are the thermal contact resistance, critical radius of insulation, superinsulation, and fin 

effectiveness? (6 Marks) 

b) An aluminum rod of 2.5 cm diameter and 15 cm long is protrudes from a wall maintained at 260 
°C. The rod is exposed to an environment at 16 °C. The convective heat transfer coefficient is 15 

W/m 2 .°C. If the thermal conductivity of aluminum is 200 W/m.K. Calculate the heat loss by the 
rod. (8 Marks) 
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Problem number (3) (18 Marks) 

a) A furnace is shaped like a long equilateral triangular duct which its each side width is lm. The 
base surface has an emissivity of 0.7 and is maintained at a uniform temperature of 600 K. The 
heated left side surface is closely approximated as a black surface at 1000 K. The right side 
surface is well insulated. Determine the rate at which energy must be supplied to the heated side 
externally per unit length of the duct in order to maintain these operating conditions. (12 Marks) 
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Problem number (5) 


(20 Marks) 


a) Define irradiation and radiosity. (4 Marks) 

b) What is a black body? (4 Marks) 

c) A mercury-in-class thermometer having e =0.9 hangs in a metal building and indicates a 
temperature of 20 °C. The walls of the building are poorly 5 °C. The value of h for the 


thermometer may be taken as 8.3 WVm 2 . °C. Calculate the true air temperature. 


(12 Marks) 
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